Abstract. We present a summary of our results on the hadron spectrum and hadron-hadron bound state spectrum which were obtained as part of a program which tries to bridge the gap between QCD and Nuclear Physics. We analyzed SU(3) lattice QCD models in the strong coupling regime (small hopping parameter κ > 0 and large glueball mass). We considered an imaginary time formulation for 2 + 1 and 3 + 1 dimensions models with one and two flavors. For the more algebraically complex and more realistic model in 3 + 1 dimensions, 4 × 4 spin matrices, and two flavors, we show the existence of three-quark isospin 1/2 particles (proton and neutron) and isospin 3/2 baryons (delta particles), with asymptotic masses −3 ln κ and isolated dispersion curves. Baryon-baryon bound states of isospin zero are found with binding energy of order κ 2 . The two-particle analysis is performed using a ladder approximation to a lattice Bethe-Salpeter equation written with the help of relative coordinates adapted to the lattice. The dominant baryon-baryon interaction is an energyindependent spatial range-one attractive potential with an O(κ 2 ) strength. There is also attraction arising from gauge field correlations associated with six overlapping bonds, but it is counterbalanced by Pauli repulsion to give a vanishing zero-range potential. The overall range-one potential results from a quark, antiquark exchange with no meson exchange interpretation since the spin indices are not of a meson particle; we call it a quasimeson exchange. The repulsive or attractive nature of the interaction depends on the isospin and spin of the two-baryon state.
It is a fundamental problem in particle physics to determine the low-lying energymomentum (EM) spectrum of Quantum Chromodynamics (QCD). A convenient ultraviolet cutoff version is given by the QCD models defined on a lattice [1, 2, 3, 4] . In the strong coupling regime, the infinite volume limit can be reached, hadrons are seen as bound states of quarks, and confinement is manifested.
As part of a program which tries to bridge the gap between QCD and Nuclear Physics, here we briefly summarize our results -from first principles -on the hadron spectrum and hadron-hadron bound state spectrum in strong coupling SU(3) lattice QCD with one and two flavors, using the Wilson action and an imaginary-time functional integral formulation. Whenever two-quark flavors are present, our model has a global SU(2) isospin symmetry. Our analysis of the low-lying spectrum in lattice QCD with strong coupling (small hopping parameter 0 < κ 1, and large glueball mass, such that β ≡ 1/(2g 2 0 ) κ) appears in a recent series of papers of Refs. [5, 6, 7, 8, 9, 10, 11, 12, 13] and [14] . Because of space limitations, all details of the quite complicate machinery used in this analysis are omitted here. Our goal is to understand when and how bound states occur and how their binding related to the effective Yukawa meson-exchange theory.
We determined the low-lying EM spectrum for increasingly complex SU(3) QCD lattice models. As a necessary step to obtain the two-hadron spectrum, we must first analyze the one-hadron sector. Mesons correspond, as expected, to tightly bound bound states of a quark and an antiquark. Baryons are given by tightly bound bound states of three quarks. These particles are manifested by isolated dispersion curves in the EM spectrum. Mesons have asymptotic masses of order −2 ln κ and baryon asymptotic masses are of order −3 ln κ. Their dispersion curves are convex and increasing functions of each momentum component, for small momenta. We also made an analysis of the hadron mass splitting for models with one flavor in spatial dimension d = 2, 3, using 4 × 4 spin matrices. For mesons, mass splitting between the 1/2 and 3/2 total spin states occur at order κ 4 . For baryons, it is of order κ 6 for d = 2 and, if any, is at least of O(κ 7 ),
Concerning the two-baryon spectrum, for the case of d = 2, 2 × 2 Pauli spin matrices and only one flavor, no baryon-baryon, meson-meson or meson-baryon bound state was detected. This is so because Pauli repulsion is too strong if only one quark flavor is present. The simplest case that we analyzed and in which a two-hadron bound state is detected is for some particular total isospin sectors for the two-flavor model with 2 × 2 spin matrices and in 2 + 1 dimensions: two-baryon and two-meson bound states appear, and there should be no restriction for a meson-baryon bound state to be present, as well. However, this model is not complex enough to accommodate protons and neutrons in the one-particle spectrum.
More recently, we analyzed the baryon sector for the two-flavor model with up and down quarks in 3 + 1 dimensions and 4 × 4 spin matrices. We first showed the existence of twenty, three-quark, one-particle states with isolated dispersion curves (upper gap property), and also their associated antiparticles, which includes the proton (p), the neutron (n) and the delta (∆) particles. These one-baryon spectral results are exact and, making the lower order explicit, their asymptotic masses are −3 ln κ − 3κ 3 /4 + O(κ 7 ); if there is mass splitting it is due to contributions of O(κ 7 ) or higher. The upper gap property in the Hamiltonian formulation is unknown.
Next, we determined the two-baryon bound states in the I = 0 sector and below the two-baryon threshold, which is given by twice the smallest of the baryon masses. We find several bound states with binding energies of order κ 2 . The most strongly bound, bound states are given by ∆ − ∆, total spin S = 3 states, and also by a superposition of p−n and ∆−∆ total spin S = 1 states. The later corresponds to the deuteron, which turns out to be given by a superposition of two states. The more weakly bound, bound states are associated with a superposition of p − n and ∆ − ∆ total spin S = 0 states, and also with ∆ − ∆, S = 2 bound states. In contrast to the I = 0 states treated here, we have found that for the maximum isospin I = 3 sector there are bound states in the lowest total spin sectors S = 0, 1 and no bound states if S = 2, 3. These results are in agreement with our previous results that the attraction between the two particles decreases with increasing I (more alignment). Moreover, as before, there are two sources of attraction, namely, i) the exchange of a quark and an antiquark, which is not a meson particle exchange, and ii) gauge field correlation effects associated with six overlapping bonds. We note that the exchange of a quasimeson particle alone is not enough for a baryon-baryon bound state to be formed, and that the effects of gauge field correlations are essential.
We note that although our baryon-baryon bound state results are obtained using a complicate machinery, in the end a simple picture emerges for the formation of a baryon-baryon bound state. The two-baryon dynamics in relative coordinates behaves approximately like that of a non-relativistic one-particle lattice hamiltonian T +V with lattice kinetic energy −κ 3 ∆/8, where ∆ is the spatial lattice Laplacian and the potential energy V is κ 2 V , the quasi-meson exchange space range-one potential which dominates the kinetic energy for small κ. The attractive or repulsive nature of the interaction depends on the isospin, spin spectral structure of V at a single site of space-range one. Because of the κ 3 dependence of the kinetic energy T and the κ 2 dependence of the potential energy, there is no minimal critical value of the interaction strength needed for the presence of a bound state.
We also remark that the detection of particle (and their bound states) masses from the exponential decay rate of suitable correlations, without a spectral representation, is meaningless, and the resulting values may be far from the correct ones, especially in cases where degeneracies are broken with small separations.
Three ingredients are basic in our method, that makes it differs significantly from other approaches to the particle spectrum, both theoretical or numerical (see Refs. [1, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27] ):
• It incorporates a hyperplane decoupling technique, which has the nice feature of revealing the form of the fields that create the particles of the model (and their multiplicities!), and which is used to obtain temporal decays for suitable two-and four-hadron correlations. No a priori guesswork is needed! • We derive spectral representations for suitable two-and four-hadron correlations, via Feynman-Kac formulas. It is these new spectral representations that allow us to relate complex momentum singularities of the two-and four-hadron functions with the one-and two-hadron EM spectrum. The one-particle spectrum is manifested as isolated dispersion curves, and we obtain convergent expansions for masses. Furthermore, we show that the particle spectrum is only spectrum up to close the two-particle thresholds; • We use a lattice version of a Bethe-Salpeter (B-S) equation for the four-hadron function expressed in special lattice relative coordinates and in the leading (ladder) approximation in κ. We emphasize, however, that our method is tuned to the full control of the model beyond the ladder approximation, as we did for other models (see Refs. [28, 29] ).
To conclude, we observe that from our method it naturally emerges an exponentially decreasing potential with decay rate ≈ −2 ln κ, as for the Yukawa theory. It would be interesting to look for the expected distance −1 Ornstein-Zernicke like correction to this potential and to determine the spin and isospin dependence of the binding energy, and the effect of the number of flavors.
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